We studied the visual field distribution of speed and accuracy of manual responses to small brief light flashes, in patients with left hemineglect or extinction resulting from right hemisphere vascular lesions and in braindamaged and healthy control subjects. All patients with right hemisphere lesions showed a greater impairment in both the speed of response and the detection rate in the contralesional than in the ipsilesional hemifield. This interfield difference increased with the eccentricity of stimulus presentation and was especially pronounced in neglect patients who showed a paradoxical increase in speed of response and detection rate at increasingly larger eccentricities in the ipsilesional hemifield. We hypothesize that both the contralesional slowing down and the
Introduction
Visual neglect and visual extinction are well-known neuropsychological consequences of right hemisphere (RH) damage in humans (Vallar, 1993; Vallar et al., 1994) , although they may also be present following lesions of the left hemisphere (LH) (Ogden, 1985; Stone et al., 1993) . Neglect patients show a profound lack of awareness of the contralesional side of personal and external space while extinction patients fail to detect contralesional stimuli only under the condition of bilateral stimulus presentation.
Since the earliest studies, it has been unclear whether neglect and extinction are related to sensory, attentional or other factors (see Friedland and Weinstein, 1977) . Some theories argued for an imbalance between the sensory capabilities of the two hemifields (Bender, 1952; DennyBrown et al., 1952; Birch et al., 1967) ; others gave more weight to an impairment of attentional processes (Critchley, 1949; Heilman and Watson, 1977; Kinsbourne, 1987 Kinsbourne, , 1993 or
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ipsilesional speeding up of the response depends upon an exaggerated gradient of attention towards the ipsilesional hemifield. To assess whether these abnormalities concern automatic or controlled attentional processes, in a second experiment, we manipulated the predictability of the side of the stimulus presentation by using blocked rather than randomized stimulus presentations. This resulted in a speeding up of responses in both hemifields thus showing that the patients were able to focus attention to the side of stimulus presentation voluntarily. However, there was no modification of the contra-ipsilesional differences which, therefore, are likely to be related to abnormal automatic processes rather than controlled attention.
to an 'amputated' mental representation of the contralesional space (Bisiach and Luzzatti, 1978) . Among the attentional accounts, Heilman et al. (1985) have proposed that each side of the brain is provided with an attentional system which, in the RH, directs attention towards both sides of space, while in the LH it exerts its effects on the right side only. According to this account, RH damage results in a severe impairment in orienting attention towards the left hemispace because no compensation by the LH is possible. In contrast, damage to the LH can be compensated for by the RH, and neglect rarely appears (however, see Ogden, 1985; Stone et al., 1993) . It is important to emphasize that such a theory implies that the mid-sagittal plane represents a crucial boundary for the attentional impairment to occur, in that attentional performance is normal in the ipsilesional hemispace. In contrast to Heilman's 'hemispatial' theory, Kinsbourne (1987 posited that the attentional impairment in neglect patients follows a continuous right-to-left gradient arising as a result of an imbalance between two hemispheric processors normally directing attention towards the opposite hemispaces. A unilateral lesion determines an imbalance between two contrasting tendencies favouring an attentional focusing toward the ipsilesional side of space subserved by the intact hemisphere. The more frequent occurrence of neglect and extinction following RH rather than LH lesions is explained by assuming that, in normal individuals, the LH processor is more powerful than the RH processor and therefore lesions of the latter usually lead to a more severe impairment. This theory predicts not only a sharp increase of attentional performance from the periphery to central portions of the contralesional visual hemifield but also a paradoxical increase in performance from the centre to the periphery of the ipsilesional hemifield. In keeping with Kinsbourne's hypothesis, recent studies (De Renzi et al., 1989; Ladavas, 1990; Ladavas et al., 1990; Smania et al., 1996) have shown that the speed of simple visual reactions in neglect and extinction patients tends to follow a left-to-right gradient, with a slowing down from rightmost to leftmost portions of visual space. This is not surprising for the contralesional (left) hemifield since it is well known that, in normal subjects, reaction times (RTs) increase with the eccentricity of the stimulus (Marzi and Di Stefano, 1981; Chelazzi et al., 1988) . In contrast, within the right (ipsilesional) hemifield, RTs tend to be shorter for stimuli presented to more peripheral visual field positions and this is a paradoxical effect.
So far, the different predictions of Kinsbourne's and Heilman's theories as to the distribution of RTs across the visual field have been tested for limited portions of visual field only. In the present study (Experiment 1) we compared RH-lesioned neglect and extinction patients with control patients who had RH and LH damage, but were without neglect or extinction, and with age-matched healthy control subjects, in the accuracy and speed of detection of small light flashes briefly presented to various locations along the horizontal meridian of either the ipsilesional or the contralesional visual hemifield spanning a large visual field area from 40°left of fixation to 40°right of fixation. Heilman's hypothesis would predict an impairment limited to the contralesional hemifield; it would certainly not predict a progressive shortening of RTs from central to more peripheral portions of the ipsilesional field which is in keeping with Kinsbourne's theory. Instead, both theories would predict an impairment in the contralesional field with a maximum effect in the periphery. To determine whether the attentional impairment advocated by the above theories concerns controlled rather than automatic attentional orientation, we manipulated the predictability of the side of stimulus appearance in another experiment (Experiment 2).
This manipulation allows the patients to allocate attention to the correct side of stimulus presentation tonically. Therefore, if neglect or extinction depend upon an impairment of attentional focusing, our patients should greatly benefit from the use of blocked rather than randomized presentation.
Experiment 1 Subjects
Twenty-nine patients with radiological (CT or MRI) and clinical evidence of unilateral vascular (ischaemic or haemorrhagic) brain lesions participated in the study (demographical and clinical details are shown in Table 1 ). They were recruited among the out-patients of the Neurorehabilitation Units of the Policlinico Borgo Roma and the Neurological Department of the Ospedale Borgo Trento in Verona.
All patients were right handed according to the Briggs and Nebes (1975) laterality inventory, except one who was ambidextrous (G.S.), and had no history of previous cerebrovascular attacks, general mental deterioration or psychiatric disorders.
The patients were assigned to one of four groups according to the side of the lesion and to the clinical evidence of neglect or extinction, see Table 1 : (i) RH-damaged patients with neglect (n ϭ 8); (ii) RH-damaged patients with extinction (n ϭ 4); (iii) RH-damaged patients without neglect or extinction (n ϭ 8); and (iv) LH-damaged patients without neglect or extinction (n ϭ 9).
Lesion sites were assessed according to the brain mapping method of Damasio and Damasio (1989) . Cortical areas were numbered according to Brodmann. An area was included when it was either totally affected by the lesion or when at least half of it was lesioned, as assessed by at least two MRI or CT scan slices.
A further group of right-handed subjects (four males and one female) without neurological deficits served as agematched control subjects. Their mean education was 6.8 years of school (range, 3-18 years) and their mean age was 64.6 years (range, 52-69 years). Two separate one-way analyses of variance (ANOVAs) showed that there were no age or education differences between normal control subjects and the various groups of brain-damaged patients. Informed consent was obtained from all subjects according to the declaration of Helsinki. The study was carried out by following the guidelines of the Ethical Committee of The Medical Faculty of the University of Verona. The presence of neglect was assessed by means of Albert's line test (Albert, 1973) and the letter H cancellation test of Diller and Weinberg (1977) . Patients showing more than two omissions in the Albert's and Ͼ15 omissions in the letter cancellation tests were included in the neglect group. Occasional ipsilesional omissions were not counted and patients without a welldefined pattern of neglect (i.e. typically grouped contralesional omissions) were excluded from the study (see Table 2 for a quantitative account of omissions in the cancellation tasks).
Patients without neglect and with an extinction rate Ͼ50% (see below for visual extinction assessment) were included in the extinction group, while those with an extinction rate Ͻ3% were included either in the RH-or LH-damaged control group, depending upon the side of their lesion. Finally, patients with an extinction rate between 3% and 50% were excluded from the study.
No LH-damaged control patient showed any sign of extinction or neglect. Visual deficits were initially screened by means of a clinical confrontation test carried out by presenting 20 single stimuli in the upper and 20 in the lower field quadrants following a fixed random schedule. All patients showing a defective performance in such a test underwent a visual field assessment carried out by means of a Humphrey 630 computerized perimeter (Humphrey Instruments, San Leandro, Calif., USA) allowing a quantitative assessment in decibels of the differential light threshold of 72 points. The results of the computerized assessment of the visual field are shown in Table 1 .
Methods Apparatus
A horizontal arc perimeter (57-cm radius) to which light emitting diodes (LEDs) could be attached in various positions, was used. Subjects were seated in front of the perimeter with the head restrained by chin and forehead supports. The LEDs emitted a brief light flash of~100 cd/m 2 . The background luminance was~1 cd/m 2 . Activation of the LEDs was controlled by a portable computer which also stored RTs and the number of errors. The patients were asked to press the space bar of the computer using the hand ipsilateral to the lesion, while normal subjects used their dominant (right) hand. Fixation on a central point in the perimeter was checked by looking directly at the subject's eyes. In two patients (C.Z. and R.P.), fixation was monitored by recording the electro-oculogram while they were tested on another occasion, on a similar RT task with lateralized visual presentations. This recording procedure showed a good match with our direct observation technique method.
Visual extinction assessment
Visual extinction was assessed by presenting single or double LED-generated flashes at 35°along the horizontal meridian of either hemifield in a random sequence. The patients were asked to say whether they saw one or two stimuli. Two separate sessions were run and in each of them there were 80 stimulus presentations for the two unilateral conditions and 80 presentations for the bilateral condition.
In order to take into consideration the presence of a proportion of misses for unilateral contralesional stimuli we estimated the extinction rate in relation to the percentage of unilateral contralesional stimuli detected rather than in relation to the total number of bilateral stimuli presented. This procedure allows a more legitimate estimation of extinction rate than overall percentage since it takes into account the detection performance with unilateral stimuli.
Experimental task
Subjects were required to press the space bar of the portable computer as soon as possible following the appearance of a light flash of 10-ms duration in one of four positions (10°, 20°, 30°or 40°) along the horizontal meridian of either the left or the right visual field. The stimulus position varied randomly both across and within hemifields and no acoustic warning signal was used. RTs which were Ͻ140 ms (anticipations) and Ͼ800 ms (retards) were discarded and replaced with new measurements taken at the end of the series, so that the number of RTs was the same for all eccentricities, with the exception of contralesional hemifield presentations in the neglect group in which the detection rate was very low and repeat measurements were not carried out. For each position there was a total of 40 stimulus presentations divided between two sessions, carried out on two different days. Figure 1 shows the percentage of detection errors in the four groups of patients, and in normal subjects, as a function of hemifield (contra-and ipsilesional for patients and right and left for normal subjects) and eccentricity of stimulus.
Results

Accuracy of detection
Inspection of Fig. 1 clearly reveals a huge difference in performance between the contra-and ipsilesional fields of neglect patients. Such a difference is reduced in extinction patients and is small or non-existent in the other groups. The most interesting result is the different slope of detection rate as a function of eccentricity in the two hemifields of neglect patients. In the contralesional hemifield there is a sharp increase of detection misses, from central to more peripheral locations, whereas the opposite is true for the ipsilesional hemifield, where the percentage of misses decreases with increase in eccentricity. Both effects are very striking given the error-free performance of normal subjects in such a Fig. 1 Detection accuracy at 10°, 20°, 30°and 40°of eccentricity in the ipsi-and contra-lesional hemifields of the different groups of patients, and in the left and the right hemifield of normal control subjects (NC). NEGL ϭ neglect; EXT ϭ extinction; RHC ϭ RH-damaged control patients; LHC ϭ LH-damaged control patients; triangles ϭ contralesional; circles ϭ ipsilesional; squares ϭ right hemifield; bars ϭ left hemifield.
task. While the contralesional eccentricity-related decrease in performance is shared by the other groups of RH-lesioned patients (interestingly it is not present in the LH-damaged control group), the ipsilesional improvement of performance for more peripheral presentations is present in the neglect group only. A similar effect is seen in speed of response (see below), and represents a clear marker of the so-called 'hyperattention'. In this case the term is used to denote a paradoxically better performance with peripheral rather than centrally located visual stimuli (not to denote a betterthan-normal performance). The above observations were substantiated by the results of a three-way mixed ANOVA carried out on percentage scores, with Group (neglect, extinction, RH-damaged control and LH-damaged control patients) as a between-subjects factor, and Hemifield (contraand ipsilesional) and Eccentricity (10°, 20°, 30°and 40°) as within-subject factors. In normal control subjects, detection accuracy was virtually error-free, so their data were not included in the statistical analysis.
All three main factors turned out to be significant: Group [F(3,25) ϭ 22.55, P Ͻ 0.001], with neglect patients showing a much higher overall percentage of detection errors (48.1%) than extinction (13%), RH-damaged control (7.6%) and LHdamaged control (4.8%) patients; Hemifield [F(1,25) ϭ 55.08, P Ͻ 0.001], with the contralesional field yielding a higher percentage of errors (28.9%) than the ipsilesional field (7.8%); and Eccentricity [F(3,75) ϭ 15.89, P Ͻ 0.001], with detection errors progressively increasing from central to peripheral presentations (16.1% at 10°, 17.4% at 20°, 19 .3% at 30°and 21.8% at 40°). Three first-order interactions were significant, namely: GroupϫHemifield [F(3,25) ϭ 30.54, P Ͻ 0.001], with a higher percentage of errors for the contralesional versus the ipsilesional hemifield in the three groups of RH-damaged patients, and no hemifield differences in the LH-damaged control group and, more importantly, with a grossly larger interfield difference in the neglect group versus all the other groups; Group ϫ Eccentricity [F(9,75) ϭ 4.98, P Ͻ 0.001], with the percentage of errors progressively increasing from 10°to 40°of eccentricity in the three groups of RH-damaged patients and no significant eccentricityrelated variations for the LH-damaged control group; Eccentricity ϫ Hemifield [F(3,75) ϭ 9.76, P Ͻ 0.001], with accuracy in the contralesional field showing a progressive decrease with eccentricity and a hint of a reverse trend in the ipsilesional field. Finally, the crucial second-order interaction Group ϫ Hemifield ϫ Eccentricity was significant [F(9,75) ϭ 2.19, P ϭ 0.032]. As already described above, inspection of Fig. 1 shows that neglect patients display conspicuous interfield differences in both the overall detection rate and the slope of the eccentricity-related decrease in performance. Interfield differences tend to be progressively less marked in extinction and RH-damaged control patients, while the LH-damaged control group shows a similar degree of mild impairment in the two hemifields and no eccentricityrelated decrease of performance. While normal subjects showed no detection errors in either hemifield, all groups of patients showed some degree of detection impairment even within the ipsilesional hemifield, with neglect patients yielding a much higher overall percentage of errors (16.7%) than extinction (6.2%), LH-damaged control (4.3%) and RHdamaged control patients (4.0%). It is important to stress that neglect patients differ from the other groups with their Fig. 2 Reaction times at 10°, 20°, 30°and 40°of eccentricity in the ipsi-and contralesional hemifields of the different groups of patients, and in the left and the right hemifield of normal control subjects (NC). Contralesional data of the neglect group were not included. NEGL ϭ neglect; EXT ϭ extinction; RHC ϭ RH-damaged control patients; LHC ϭ LH-damaged control patients; triangles ϭ contralesional; circles ϭ ipsilesional; squares ϭ right hemifield; bars ϭ left hemifield.
increasing response accuracy as the stimulus is moved towards the more peripheral portions of the ipsilesional hemifield, such a trend being more evident between 10°and 20°of eccentricity (see Fig.1 ). Figure 2 shows mean RTs for the four eccentricities in the ipsi-and contralesional hemifields of brain-damaged patients and in the left and right hemifields of normal control subjects. The contralesional field of neglect patients was not included in the figure or in the statistical analyses because of the very small percentage of correct responses. However, even when considering the ipsilesional hemifield only, the neglect group turned out to be grossly impaired in comparison with the other groups. More importantly, in keeping with their detection performance (see Fig. 1 ), neglect patients showed a different slope of the eccentricity-RT curve in comparison with the other groups with a paradoxical decrease of RT when increasing eccentricity within the visual field from 10°to 20°. As is well known (see below in the Discussion section), RTs in normal subjects show a progressive lengthening as stimuli are presented at increasing eccentricities in the visual field; this is confirmed by the RT results of the other groups, including normal subjects. Therefore, the eccentricity-related speeding up observed in neglect patients is a paradoxical effect, similar to that observed in the same group for detection rate. In contrast, in the contralesional field there is an increase in the slope of the eccentricity-RT curve which is more evident in extinction and RH-damaged control patients than in the other groups. Again, statistical analyses substantiated the above observations. Given the lack of data for the contralesional field of the neglect group, separate statistical analyses were carried out for the ipsilesional and the contralesional hemifields. For normal control subjects the scores were averaged across left and right hemifields.
Speed of response
Contralesional field.
A two-way mixed ANOVA was carried out on RT data with Group (extinction, RH-damaged control and LH-damaged control patients, and normal control subjects) as a between-subjects factor and Eccentricity (10°, 20°, 30°and 40°) as a within-subject factor.
The two main effects were highly significant: Group [F(3,22) ϭ 7.02, P ϭ 0.002], with normal subjects largely faster (mean RT, 288 ms) than LH-damaged control (382 ms), RH-damaged control (441 ms) and extinction (452 ms) patients; Eccentricity [F(3,66) ϭ 31.47, P Ͻ 0.001], with an overall progressive increase of RT from central to more peripheral eccentricities (373 ms at 10°, 383 ms at 20°, 396 ms at 30°and 411 ms at 40°). The first-order interaction Group ϫ Eccentricity was also significant [F(9,66) ϭ 2.35, P ϭ 0.023], with a different rate of eccentricity-related decrease of performance in the different groups. Figure 2 shows this interaction reflects the fact that the eccentricity-RT curve is steeper in extinction and RH-damaged control patients than in the other groups. This was confirmed by the results of separate one-way ANOVAs carried out on RT differences between various pairs of eccentricities (20°-10°, 30°-10°, 40°-10°, 30°-20°, 40°-20°and 40°-30°) with Group as a between-subjects factor. The effect of Group was significant for 20°-10°[F(3,22) ϭ 3.57, P ϭ 0.030], 30°-10°[F(3,22) ϭ 3.41, P ϭ 0.035] and 40°-10°[F(3,22) ϭ 3.97, P ϭ 0.021]. Post hoc comparisons by means of the Student-Newman-Keuls test (significance level P Ͻ 0.050) showed that extinction patients differed from the normal control group for the 30°-10°and 40°-10°comparisons, and from LH-damaged control group for the 40°-10°comparison. This confirmed that the slope of the contralesional field curve was equally steep in extinction and RH-damaged control groups, which showed a similar slowing down of reactions with eccentricity, more than in the other groups.
Ipsilesional field. A two-way mixed ANOVA was carried out on RT data with Group (neglect, extinction, RH-damaged control and LH-damaged control patients, and normal control subjects) as a between-subjects factor and Eccentricity (10°, 20°, 30°and 40°) as a within-subject factor.
The two main effects were highly significant: Group [F(4,29) ϭ 8.74, P Ͻ 0.001], with normal subjects largely faster (mean RT, 288 ms) than LH-damaged control patients (349 ms), extinction patients (385 ms), RH-damaged control patients (401 ms) and neglect (510 ms) patients; Eccentricity [F(3,87) ϭ 5.53, P ϭ 0.002], with a slight shortening of RTs at 20°and a slowing down at 40°of eccentricity (385 ms at 10°, 380 ms at 20°, 386 ms at 30°and 395 ms at 40°). The first-order interaction was also significant, namely Group ϫ Eccentricity [F(12,87) ϭ 1.94, P ϭ 0.040], with the neglect group showing a different trend from the other groups: an eccentricity-related overall decrease in RT.
In order to analyse the latter interaction, separated oneway ANOVAs were carried out using differences between eccentricities (20°-10°, 30°-10°, 40°-10°, 30°-20°, 40°-20°and 40°-30°) as scores. The effect of Group turned out to be significant for the difference 20°-10°[F(4,29) ϭ 3.73, P ϭ 0.014], and approached significance for the differences 30°-10°[F(4,29) ϭ 2.57, P ϭ 0.058] and 40°-10°[F(4,29) ϭ 2.63, P ϭ 0.054]. The other comparisons were far from significant. Post hoc comparisons (StudentNewman-Keuls, significance level P Ͻ 0.050) showed that the neglect group differed from all the others in the 20°-10°comparison, from the RH-damaged control group in the 30°-10°comparison, and from both RH-and LH-damaged control groups in the 40°-10°comparison. The important point here is that, in contrast to the other groups, neglect patients have a reliable speeding up when the stimulus eccentricity is increased from 10°to 20°, while from 20°to 40°they show a trend similar to that of other groups.
Discussion
Accuracy of responses
The most striking aspect of the results is the large eccentricityrelated impairment of neglect patients in the contralesional field and the improvement in performance at higher eccentricities in the ipsilesional field. An obvious question to ask concerns the role played by the perimetric field loss in accounting for the impairment of neglect patients. Three out of the eight neglect patients had a left hemianopia as a result of damage to the optic radiations (see Table 1 ), while the remaining five had only a lowered sensitivity in the affected field (see Table 1 ). It is important to consider that such a lowered sensitivity may well be related to attentional rather than sensory factors. In keeping with this possibility, neglect patients G.S. and A.S. showed a lowered left hemifield sensitivity despite absence of visual cortical or optic radiation lesions. In the light of these considerations we believe that the above results cannot be explained by the presence of field losses in some of the neglect patients. Furthermore, the eccentricity-related slope of the accuracy scores in the contralesional field of the neglect patients cannot be explained on the basis of perimetric field losses.
The presence of brain damage, irrespective of the side of the lesion, clearly results in an overall detection impairment, as shown by comparing normal control subjects with all other groups (see Fig. 1 ). An interesting result is that, in the contralesional hemifield, RH-damaged control patients show an overall higher percentage of errors (11%) than LHdamaged control patients (5.4%). These data are in broad agreement with a recent report by Sterzi et al. (1993) indicating that contralesional visual field deficits are more frequent after RH than LH lesions. These authors indicated that their results were related to the occurrence of neglect in their RH patients. However, our RH-damaged control group was selected for the absence of neglect or extinction and therefore such an explanation cannot be invoked, although, admittedly, our present neuropsychological assessment cannot rule out milder forms of neglect. Moreover, our RH-damaged control patients did not show any substantially larger damage to the optic radiations or primary visual areas than LHdamaged control patients, and none of them had a complete hemianopia at visual field examination (see Table 1 ). Therefore, attributing the differential effect of RH and LH lesions to an attentional rather than to a sensory impairment is justified. A result supporting such a possibility is that all RH groups increased the percentage of left-sided misses from central to peripheral eccentricities while this was not found in the LH-damaged control group. As outlined in the Introduction section, the contralesional centre-periphery gradient in detection accuracy could be related to the directional attentional bias theory proposed by Kinsbourne (1987 Kinsbourne ( , 1993 . The lack of an effect for the LH-damaged control group reinforces the idea that the interfield difference found is related to attentional rather than sensory factors.
Reaction times
Confirming previous studies (Dee and Van Allen, 1973; Elsass and Hartelius, 1985; Baynes et al., 1986; Kaizer et al., 1988) we found a general slowing of reactions in braindamaged subjects in comparison with normal control subjects; this effect was more marked in RH-than in LH-damaged control patients (compare neglect, extinction and RHdamaged control patients with LH-damaged control patients in Fig. 2) . Moreover, in contrast to normal subjects, all braindamaged groups showed clear cut interfield differences, with responses to contralesional stimuli slower than those to ipsilesional ones and with a steeper slope of the eccentricity-RT curve in the contralesional than in the ipsilesional hemifield. In principle, such a contralesional lengthening might be ascribed to an aspecific, lesion-related slowing down of the sensorimotor processes necessary for a simple fast response to a visual stimulus. However, we think such a possibility unlikely on the basis of a recent study in which we found that a dramatic increase in the light intensity of the contralesional stimulus in extinction patient C.Z. (see Table 1 ) did not affect the contra-ipsilesional differences in RT (and in fact extinction rate). An alternative possibility is that it could reflect a specific deficit in spatial covert attention (Posner et al., 1984) . We believe the latter possibility is more likely because the increase in the slope of the eccentricity-RT curve in the contralesional hemifield is difficult to reconcile with a decreased visual sensitivity explanation, which should affect the whole hemifield. If visual sensitivity and/or motor processing is generically impaired as a consequence of brain damage, one should observe an overall increase in RTs rather than a selective slowing down in the more peripheral visual field areas.
Another source of evidence in favour of an attentional explanation for our results can be provided by the results of ipsilesional presentations; it is interesting to note that in all groups (see Fig. 2 ), except the neglect group, the slope of the RT-eccentricity curve in the ipsilesional hemifield is very similar to that of normal control subjects and shows a progressive increase with eccentricity. Such an effect can be related to the greater density of photoreceptors and retinal ganglion cells in central versus peripheral retina (Marzi and Di Stefano, 1981; Curcio et al., 1987; Chelazzi et al., 1988; Curcio and Allen, 1990) . Despite the retinal gradient and the corresponding cortical magnification factor emphasizing central versus peripheral portions of visual field, neglect patients show a paradoxical shortening of RTs from central to more peripheral visual field locations, i.e. from 10°to 20°. This effect cannot be accounted for by any sensory mechanism, but it is in keeping with an ipsilesional attentional bias. The present results are partly at odds with those of De Renzi et al. (1989) and of Ladavas et al. (1990) who concluded that in patients with left hemineglect, attention is 'magnetically attracted' or 'captured' by the stimuli in the 'extreme end of the right structured space' or in the 'relative right position'. Such a partial discrepancy is due to the fact that in the two above studies only the central 15°of visual field was explored, while our study included more peripheral presentations. Therefore, our data extend, rather than contradict, the results of De Renzi et al. (1989) and Ladavas et al. (1990) by providing novel evidence that the directional bias of neglect patients does not necessarily reach a maximum in the extreme portions of the ipsilesional space, as predicted by Kinsbourne's theory; it reaches its maximum in our patients at~20°in the ipsilesional hemifield. Such a value is obviously not a fixed one but is likely to depend upon the severity of hemineglect and its related degree of ipsilesional hyperattention.
Inspection of Fig. 2 reveals a marked difference in the slope of RT at 10°and 20°ipsilesionally, between neglect patients on the one hand and extinction, RH-and LHdamaged control patients on the other, while the accuracy results are similar in neglect, extinction and RH-damaged control patients. This reliable difference in RT may be taken as evidence that neglect and extinction patients differ in some important aspects, i.e. in the degree of ipsilesional 'hyperattention'. In fact, one might even speculate that the paradoxical inversion or the flattening of the slope of RT from central to peripheral portions of the ipsilesional hemifield is a sort of 'marker' of hemineglect which is much less consistently present in extinction patients.
Overall, the present results in neglect patients cannot be attributed to sensory factors, but are likely to be related to an attentional imbalance of covert spatial attention. Moreover, the evidence for a gradient of attention deployment, involving a relative advantage of the more rightward positions (even though more peripheral in the visual hemifield) is compatible with the hypothesis of Kinsbourne (1987 Kinsbourne ( , 1993 , but not with that of Heilman and Watson (1977) and Heilman et al. (1985) .
Finally, having established the attentional nature of the effects described, it remains to be clarified whether covert automatic or controlled attentional shifts are affected by hemineglect and extinction.
Experiment 2
A simple way to verify these possibilities is to ascertain whether the above patients would benefit from blocked versus randomized presentations. Unlike randomized presentations, where the hemifield of stimulus appearance is unpredictable, under blocked conditions the stimuli are presented to the same hemifield and the subject can direct his covert attention to the indicated side throughout the whole block. If hemineglect patients are unable to focus their attention to the contralesional hemifield they should not benefit from the blocked condition. To test this possibility, we selected one neglect patient (A.S) and one extinction patient (C.Z.), both of whom had participated in Experiment 1 and were still available for testing. Patient A.S. was selected also on the basis of his detection ability in the neglected hemifield (Ͻ5% misses) that allowed us to study his speed of response in that neglected hemifield with a certain degree of reliability. Interestingly, this patient did not have any occipital cortex or optic radiation damage (see Table 1 ). With C.Z. it was possible to introduce another condition of stimulus presentation, namely, a condition in which not only the hemifield but also the exact stimulus location was blocked.
Method
The only difference from Experiment 1 was that on each session only either blocked or random hemifield presentations were used. Notice that even in the blocked condition the location of the stimulus within one hemifield was randomized except for one testing session in patient C.Z. where stimulus location within a given hemifield was blocked (see dotted lines in Fig. 4) , and therefore there was no uncertainity as to the location of the stimulus.
Results and discussion
Figures 3 and 4 show the speed of response for the two patients, in the randomized and in the blocked conditions, respectively. As one might have expected, overall RTs decreased in the blocked versus the randomized condition in both patients (compare Fig. 3 with Fig. 4) . However, in the two conditions, the slopes of the eccentricity-RT curves were roughly similar with a drastic increase in RT as a function of eccentricity for the left visual field and an essentially flat curve for the right visual field.
It is important to note that this was also true for the eccentricity-blocked condition tested in patient C.Z. (see Fig.  4 , dotted lines). In this condition, as expected, overall RT was even faster than in the hemifield-blocked condition and this shows that the patient was able to attend to the location of the incoming stimulus covertly, both in the ipsilesional and in the contralesional side.
These results are not in keeping with the possibility that our patients are impaired in covert voluntary allocation of attention, since they benefit from prior knowledge of the side (or location) of the stimulus, even when it is presented to the contralesional hemifield. The important result of this experiment is that the interfield differences are still present even when the patients can allocate their attention for a whole block to the correct hemifield side. This suggests that neglect and extinction patients are selectively impaired not in voluntary but in automatic, sensory-driven, shifts of attention.
General discussion
The thrust of the present study is twofold. First, we have shown that the distribution of covert spatial attention in the visual field of RH-lesioned patients, as judged by speed of simple manual responses, is highly asymmetrical. The asymmetry consists of an eccentricity-dependent deterioration of performance in the contralesional hemifield in comparison with the ipsilesional hemifield. Such an asymmetry is more pronounced in neglect (and to a lesser extent, in extinction patients) compared with that in the other RH-lesioned patients. It is important to stress that neglect patients are also characterized by ipsilesional 'hyperattention', defined as a paradoxical increase of attentional deployment as stimuli are moved from central to peripheral positions in the visual field. In our patients hyperattention does not reach a maximum at the extreme ipsilesional periphery, as predicted by Kinsbourne's theory, but at~20°of eccentricity. This is not in contradiction with Kinsbourne's theory but simply depends on a sort of 'algebraic balance' between two opposite tendencies, i.e. the ipsilesional attentional bias that shortens RTs at increasingly higher eccentricities and the cortical magnification factor by which the RT tends to lengthen in proportion with the eccentricity of the stimulus position. The lateral extent of the ipsilesional hyperattention is likely to show a positive correlation with the severity of clinical hemineglect, and in severely affected patients the presence of a strong ipsilesional bias could probably override the opposite effect of cortical magnification. In such cases, hyperattention would probably reach its maximum at the extreme periphery of the visual field, as predicted by Kinsbourne's theory. In contrast, in less severe cases, like those examined in the present study, hyperattention may not be strong enough to counteract the tendency of the RT to increase with retinal eccentricity and therefore hyperattention will be limited to more central locations in the ipsilesional hemifield. Clearly, this possibility awaits further quantitative assessment with a larger series of patients and a larger number of tests of neglect than in the present study.
An intriguing question is whether hyperattention reflects a distorted ipsilesional representation of space (Bisiach, 1997) or the consequence of a disturbed coordinate transformation in the cortical representation of egocentric space (Karnath, 1997a, b) . These questions are impossible to answer with the present evidence. We think it is unlikely that the interfield asymmetry found in our extinction and neglect patients is uniquely based on body-centred rather than on retinotopic coordinates since, in a recent experiment carried out on one of the extinction patients tested in the present study (C.Z.), we found that the ipsilesional advantage in both speed of response and detection rate was not modified when the patient was asked to keep fixation either in the contralesional or in the ipsilesional hemispace, as referred to the position of the trunk and head (see fig. 5 of Smania et al., 1996) . However, the ipsilesional shortening of the RT at 10°-20°in neglect patients is strikingly reminiscent of the ipsilesional deviation of the representation of egocentric space described by Karnath (1997b) in visual search experiments with neglect patients. In principle, the displacement of the subjective visual vertical might determine a corresponding shift of the field location at which RT is fastest. Normally, this location corresponds to the fixation point (Marzi and Di Stefano, 1981; Chelazzi et al., 1988) . Perhaps, RT experiments with normal subjects in which the subjective visual vertical, normally in line with the fixation point, has been subjectively shifted by means of a rotating visual background (see Marzi et al., 1982) might help to answer this question.
Secondly, we have shown that both the ipsilesional 'hyperattention' and the contralesional impairment cannot be due to a difficulty or to an exaggerated tendency in voluntarily allocating attention to one hemifield (or, indeed to one location within one hemifield) because they are present independently of the predictability of the side of stimulus presentation.
Therefore, our results can be interpreted as being related to an impairment of neglect patients, and to a lesser extent, of extinction patients, in the automatic shift of attention from the fixation point into the contralesional hemifield following stimulus appearence. It is as if in these patients stimulus presentations in the contralesional hemifield were less effective in triggering a shift of covert attention than those in the ipsilesional hemifield. Such an effect cannot be overcome by increasing the light intensity of the contralesional stimulus (Smania et al., 1996) and is therefore unlikely to be related to a diminished overall visual sensitivity. However, further psychophysical testing on a larger series of patients and of visual functions is required to confirm such a finding.
It is interesting to point out that a similar attentional rightward bias has been observed in patients who underwent complete commissurotomy (Proverbio et al., 1994; Corballis, 1995a, b; Berlucchi et al., 1997a; Marzi et al., 1997) . This bias is probably related to the tendency of the LH to direct attention to the rightmost space being unopposed, because of the callosal section. Normally, the rightward attentional bias exerted by the LH is almost totally compensated by inhibition exerted by the RH through the commissural fibres. However, either RH damage or callosal section may lead to a block or a decrease of this inhibitory influence, with a resulting attentional imbalance favouring the ipsilesional right hemispace. This effect may be strong enough to cause extinction of the left hemifield in a split-brain patient, as documented by Reuter-Lorenz et al. (1995) and by Marzi et al. (1997) , thus confirming the important role played by the cortical commissures in the distribution of attentional resources between the cerebral hemispheres (for a review, see Berlucchi et al., 1997b) .
